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CHARLES BRUES. 


Knowledge the preparatory stages insects still very 
fragmentary comparison with the much more extensive 
information available concerning the comparative structure and 
classification the imaginal forms. These developmental 
stages are great interest, however, and have been neglected 
only for practical reasons incident the vast extent insects 
group, and the impossibility correlating the adult and 
preparatory stages without the laborious process breeding 
each individual species. 

comparative study insect larve and throws much 
light the origin and development metamorphosis, con- 
dition which reaches its climax the highly specialized insect. 
also essential understanding the varied adaptations 
insects, many which appear such form that their 
biological significance cannot otherwise recognized. The 
independent adaptations insect larve are peculiar phenomena, 
which must aid greatly the application the biogenetic law 
insects; fact any attempt correlate insect ontogeny with 
phylogeny must undertaken with careful attention the 
characteristics larval development. Such functional and 
structural modifications larval insects, have think, not 
received the attention which they deserve. They have usually 
been considered phenomena without close counterpart among 
other animals, least such exaggerated expression 
metamorphic development that they could not readily re- 
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duced simpler terms. Many entomologists have course 
traced the very evident progress metamorphosis, from the 
rather gradual series changes shown the ontogeny the 
more primitive insects, the highly adaptive, saltatory process 
exhibited members several the greatly specialized orders, 
and have interpreted metamorphosis physiological basis. 
Before entering into discussion those characteristics 
insect and which are interest from taxonomic 
standpoint, hope may pardoned for calling attention 
several oft-repeated groups facts relating insects general. 
Insects stand apart from other animals several particulars. 
They include great wealth species, known mainly the 
adult stage through the labors large number systematic 
entomologists. spite the fact that these workers have 
described almost unbelievably large number living species, 
the insect fauna every region still imperfectly 
known that, not only are many new species and genera dis- 
covered each year, but entirely new families and even new orders, 
are most unexpectedly brought light. Thus, least two 
new orders insects have been found within the past ten years, 
while the same period three very clearly defined families have 
been added the well-known order Hymenoptera. The great 
variety insects undoubtedly due their having appro- 
priated practically every sort environment. Thus, aside 
from the large number terrestrial forms adapted for aérial 
life their perfect condition, many are amphibiotic, even 
purely aquatic during either part during the whole their 
life-cycle. Others have become epiphytic epizoic, with the 
great modifications attendant upon this mode life. Some 
are internal parasites, most generally other insects, either 
their preparatory stages, more rarely, during their entire life. 
Highly predatory species, comparable the birds and beasts 
prey, are also numerous, and examples many other striking 
methods life will readily occur one moment’s thought. 
The comparative anatomy insects may studied much more 
readily than that most other groups animals, since the 
skeletal elements are external position, where they may readily 
studied the most minute details. This condition finds 
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other close parallel other groups animals. true that 
the shells molluscs, the tests echinoderms, the external 
armor reptiles present features common, but they not 
exhibit combination, the high degree adaptiveness and the 
great variety modification seen the exoskeleton insects. 
Crustacea make the closest approach this condition, but these 
animals are greatly restricted many ways their more uni- 
form aquatic environment. 

is, course, relation their metamorphosis, with the 
interpolation such dissimilar preparatory stages, that insects 
find one their greatest opportunities for functional and struc- 
tural modification. consequence, find that the larve 
exhibit greater degree plasticity than the imagines. 
Apart from the comparatively short period during which the 
adults exercise their reproductive functions, the important 
activities the higher insects are restricted the usually much 
prolonged period larval development. period largely 
concerned with the growth through which adult size reached, 
and growth practically stops almost all insects the com- 
pletion the final larval instar. Although the beginnings 
the purely imaginal organs may appear often early 
larval development, they not assume much physiological 
importance until the pupal stage, which time the relations 
the insect and its external surroundings suddenly decrease almost 
the vanishing point, and all activities are closely bound 
the profound internal changes necessary bridge the gap 
between larva and imago. 

is, therefore, clear that the trophic functions dominate the 
larva most essential its growth, and appears that the 
characteristics the larval stages may usually interpreted 
with this view. That the larva shows the greatest plasticity 
will think evident from examination the structure 
the larve the several groups. The pupa the other hand 
the most stage, condition which may readily attr 
buted its much reduced relations with its environment and 
the slight peculiarities some are usually directly corre- 
lated with the few activities which they exhibit toward 
external conditions. 
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The modifications the imaginal insect naturally show much 
greater complexity, and are far less easily correlated with 
any group activities. can accepted general prin- 
ciple also, that they are great part seemingly less directly due 
the environment, excluding, course, certain features like 
those related oviposition, life, etc. spite 
many apparently exuberant structural characters, frequent 
greatly exaggerated development certain parts, and occasional 
extreme secondary simplification, the imaginal condition far 
more stable. This most readily appreciated taxonomists, 
who experience far less difficulty delimiting large groups 
the basis adults than they attempting similar treat- 
ment larve. 

The wide applicability recapitulation and the biogenetic 
law the ontogeny animals general clear that its im- 
portance fundamental principle cannot discounted. The 
exact nature the parallelism between phylogeny and ontogeny 
has always been the basis for divergent views the part 
biologists, who have readily accepted its existence, and its origin 
part the evolutionary process. has been applied with 
much general success the embryogeny the vertebrates and 
many invertebrates. many cases invertebrates that 
exhibit striking metamorphosis, like crustaceans and echino- 
derms, least some features the post-embryonic development 
fall readily line with the more continuous process recapitula- 
tion the vertebrate embryo. 

with the metabola among insects that find the intia- 
tion almost entirely discontinuous process development, 
interpolated between the embryonic development and the sexually 
mature condition. This most strikingly illustrated 
insect such the common housefly. During the embryogeny, 
the rudiments legs and other appendages appear, 
and give every indication that they will pass over continuously 
into the homologous parts the imago. During these stages 
the embryo undoubtedly reproduces what consider have 
been the original condition the ancestors insects, particularly 
reference the metameric disposition the parts and appen- 
dages the head. more generalized nsect find the 
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imaginal form evolved directly from these initial stages. the 
fly, however, other specialized insects find the newly 
hatched larva almost destitute morphological indications 
most the appendages which reappear much later larval life 
histoblasts that represent the rudiments the imaginal 
appendages. 

However, may regard the interpretation the biogenetic 
law applied other animals, evident that many insects 
exhibit very distorted development when viewed from this 
standpoint. This matter has been treated already Janet 
continually brought into contact with the permutations 
various single characters, soon begins regard species made 
of, least most easily definable, series single clear- 
cut characters. His attitude also closely parallel that 
the geneticist who finds that must attack his problems through 
the behavior unit characters. Cope early called atten- 
tion the dependence the taxonomist upon single characters 
his discussion the biogenetic law applied vertebrates. 

series papers, which have been gathered together 
his Biologie Giard described certain 
peculiar phenomena development which termed 
Among several widely separated groups animals, certain 
isolated species show modifications their ontogeny whereby 
two widely different types development give rise individuals 
belonging presumably the same species. This appears fre- 
quently independent any alternation generations and 
occurs forms many well-known genera. Giard regards 
some cases from the standpoint their probable 
How far these phenomena 
regarded the expression single principle somewhat doubt- 
ful, since the significance the alternation generations that 
occurs such widely different extent several groups 
insects means clear. Also, Meijere (’10) and others 
have shown that the polymorphism certain Lepidoptera follows 
Mendel’s law inheritance and that the characteristics the 
different forms female Papilio behave unit characters. 
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Such cannot true geographic but however the 
origin and preservation the several types 
development may explained, the outstanding fact remains that 
intraspecific occurs. This interest the present 
connection shows that enormous changes development 
may readily appear the early stages animal without 
impressing themselves upon the later stages. 

When applied groups insects rather than single species, 
Giard’s views assume great interest from the standpoint the 
larval and pupal stages. two groups individuals single 
species can reach the adult stage separate paths, seen that 
have much simpler case apparently similar nature where 
groups species have developed highly adaptive methods 
development which are far from what might expected their 
development had proceeded along the more conventional lines 
ancestral recapitulation. 

shall not digress attempt any discussion the origin 
metamorphosis insects nor the way which its increasing 
complexity can traced inliving insects, from those showing 
its primitive absence others like the fly referred above, 
which the larva wholly unlike the imago not only structure, 
but physiology and its different ethological relationship 
dissimilar environment. From the present standpoint, the 
hypermetamorphosis many insects especial interest and 
shall refer this subject later. 

The properly trained greatly outraged should 
see paper dealing with the certain insects 
independent and will probably further 
inquire into the viewpoint the writer. This very natural 
when regard the whole animal and plant world closely 
interdependent that change the abundance distribution 
one species soon shows its effect upon great number others, 
whose relations the first species may not have been thought 
previously. Viewed the light even after 
one has worked for some time upon the classification the 
highly modified some group insects, becomes far 
from absurdity and the more closely inquire into the 
matter the more clearly does appear that many problems re- 
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lating insect may profitably dealt with without taking 
into account the adult insects. This particularly true with 
taxonomic studies, for these, when used with due caution, are 
very valuable modifying any conclusions based upon studies 
the adults. 

Even the eggs insects furnish characters which are suitable 
for taxonomic treatment. Like the later stages, the eggs com- 
monly show distinctive features the form and structure the 
chitinous shell, aside from the contained embryo. Like the 
similarly large eggs birds, they are frequently characteristically 
colored, although spotting color pattern rather rare among 
insect eggs. The relation color development environment 
nicely illustrated the eggs, only such are deposited 
places exposed the light show color other than that imparted 
the whitish buff-colored yolk. The color often changes 
where the shell transparent, the developing color the larva 
seen through the shell. Whether the color insect eggs 
may interpreted the basis protective warning color 
seems very doubtful. certain bright yellow orange eggs, 
for example those many chrysomelid beetles the color may 
due shell color only the brightly colored yolk. There 
seems not sufficient uniformity egg-color, however, 
attempt any explanation its probable function. 

The eggs Lepidoptera, especially those the butterflies, 
have received more attention than those any other insects. 
Externally these are unusually complex sculpture, 
with surface reticulation areolation, sometimes assuming the 
form longitudinal and transverse ribs. Scudder has 
shown the possibility classifying the eggs some our North 
American butterflies, and Tutt gives interesting 
résumé the egg-structure some the groups British 
butterflies. According Tutt, the eggs the various species 
any given family are almost always similar, although varying 
detail the several forms. Thus, the Thymelicid eggs are 
flat with three axes different lengths, differing from those 
the other groups which are circular horizontal section. 
the Urbicolid skippers they are somewhat more than hemis- 
pherical; the shallow, flattened, tiarate echinoid; 
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the Papilionids and some Satyrids almost globular; the 
Pierids, long, slender and spindle-shaped; the Nymphalids, 
somewhat barrel-shaped with projecting ribs reaching from base 
apex, etc. some butterfly eggs there well marked lid, 
defined weakened line the shell, along which the shell 
ruptures hatching, causing the lid separate from the re- 
mainder the shell. the Hemipterous family Pentatomide 
similar lid occurs, along the margin which circle spines 
thorns. When the eggs insects are better known, they will 
undoubtedly prove great interest from taxonomic stand- 
point. Incidentally, more than passing interest note 
that these organisms such early stage ontogeny show 
visible external characters which not only larger groups may 
delimited, but which serve distinguish the numerous species 
some groups. this connection, must not forgotten, 
however, that the egg-shell really formed the mother and 
hence direct product the adult insect and not the embryo, 
that its high specialization cannot attributed any dif- 
ferentiation the embryo. this sense are dealing with 
matter entirely different significance from that now 


‘presented relation insect larve. 


Insect may separated into several rather clearly 
defined types, and least one the extensive orders, the 
larve the great majority the species included may re- 
ferred single, quite consistent type. Without question the 
most primitive these the campodeiform larve named 
recognition its similarity the imago Campodea, genus 
Apterygote insects. Campodeiform larve appear with many 
modifications several widely separated orders insects. 
second, quite consistent type, caterpillar-like eruciform, and 
larve this kind prevail almost universally the Panorpate 
and several orders which appear have been derived from 
Panorpate ancestral type. Various other types are also easily 
recognized, most them quite restricted occurrence 
and characteristic habitus. vast residuum are either highly 
specialized structure greatly simplified through the loss 
appendages and the acquisition vermiform body. These 
latter, so-called apodous larve, although quite uniform gross 
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external appearance represent numerous independent lines 
development. 

almost any group insects there easily seen the great ease 
with which adaptations appear, most commonly response 
alimentationand respiration. Among these 
might mentioned many grotesque modifications the trophi 
entomophagous parasites, the posterior closure the alimen- 
tary tract, the great flattening the body many subcorticolous 
species, and the development respiratory tubes, gills, etc., 
aquatic forms. details, the active, free-living types larve 
naturally furnish the most striking and clear-cut characters, 
while those sessile, least inactive habits show such 
reduction complexity structrue, that they tend converge 
toward common type. There are notable exceptions this 
last statement, however, for example among the maggots 
the higher Diptera which shall return later. 

During recent years the mosquitoes and those some 
other Nematocerous Diptera, have been examined with perhaps 
greater care and thoroughness than those any other insects. 
Were not for this, one should think considering the highly 
specialized larve this group before dealing with those the 
more generalized insects. Mosquitoes are well-known re- 
markably adaptive insects many respects. The adult mos- 
quito (at least the female) phlebotomic and depends upon the 
higher vertebrates for its food. further shows complex 
relationship its vertebrate food-reservoirs through the medium 
certain Protozoan parasites. The malarial parasites man 
undergo their definitive life cycle the mosquito and the same 
true various other similar Protozoa parasitic the hosts 
other mosquitoes. well known every one, the larve 
mosquitoes are very active aquatic creatures very peculiar, 
although quite uniform conformation. perhaps not well 
known that many the species are restricted quite closely 
certain places, g., ponds, pools, rain-barrels, brackish water, 
permanent water, temporary water, etc., such way 
show that they thrive ordinarily only under quite specific con- 
ditions. Nearly all are surface breathers and are equipped with 
breathing tube into which the main lateral tracheal trunks 
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extend, and which they thrust through the surface the water 
for respiration. The mosquito larve means unique 
among the lower Diptera the general plan its body although 
the most highly specialized several respects. 

close morphological study the large number 
mosquitoes has brought light many interesting facts. 
approximately 400 species known from North and Central 
America, the very large majority are known and have 
been carefully examined. Comparative descriptions con- 
siderable number these were published 1906 Dyar and 
Knab, and their monograph mosquitoes Howard, 
Dyar and Knab have included complete account all the 
known larve from this region. the earlier paper the 
statement made that ‘‘we are compelled the conclusion that 
specific limits are more sharply defined, least more readily 
appreciable, the larve than the adults, although 
generic limitations are less sharply There seems 
reason change fundamentally this statement although 
appears from the later and more extensive publication that its 
authors have been unable find satisfactory diagnostic charac- 
ters the basis larval structure for small percentage the 
recognized species. Such characters they employ their 
keys are readily perceived and the identification larval mos- 
quitoes far easier than that the adults, least for those not 
thoroughly familiar with the group. 

The two (or sometimes, three) subfamilies the 
present constituted, are readily separable the basis 
larval structure and the same true the two tribes 
(true mosquitoes). far one may divest one’s mind 
preconceived notions, would appear that the genera the 
subfamilies would have been segregated much the same manner 
the adults had remained unknown. appears quite certain, 
however, that the division the tribes would have been different 
some extent, the Anopheline mosquitoes present striking 
difference from the other members the tribe which they are 
placed, account their extremely short breathing tube. 
must also admitted that the adult condition they are 
very clearly characterized group. 
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From the keys included the monograph, appears that 
number cases, the larve not fall readily into the linear 
arrangement species adopted. 

From the foregoing much abbreviated and necessarily incom- 
plete account, very evident that the larve mosquitoes 
exhibit morphological differences approximating extent and 
fixity those characterizing the adults the several species, and 
that scheme classification based larval structures runs 
quite parallel with one based upon the imagines. the case 
these insects the larve show little differentiation color and 
other superficial details, and the recognition characters are 
essentially those structure. 

the pupz mosquitoes the development specific, generic 
tribal character very limited and the identification species 
this stage not satisfactory. This quite like the condition 
other groups insects, although mosquitoes and related forms 
are almost the only insects with active pupa. The activity 
the pupa even this case, course only limited retention 
the great activity the larva, necessitated its adjustment 
aquatic life. The mosquito pupa breathes manner similar 
the larva, pair spiracular tubes that are thrust above 
the surface the water, and although these organs emanate 
from the anterior part the thorax the pupa, this stage must 
remain highly active order perform its respiratory function. 

Much attention has also been given the systematic descrip- 
tion and classification the and the other more 
generalized families Diptera related the mosquitoes 
Osten Sacken Brauer Hart Johannsen 
and numerous other entomologists. Quite recently Malloch 
has gathered together this information relating American 
species and supplemented with much new material. these 
other families, the larve the numerous species may very 
generally easily distinguished and tabulated upon much the 
same type characters have been used for the mosquitoes. 
The genera and families are also separable the same basis 
although the tabulation the families more difficult, indi- 
cating that the natural affinities are well indicated the pre- 
paratory stages. fact the correlation between the two 
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very close, even the difficulty distinguishing two closely 
related groups. This illustrated the families 
and separated the imagines only the blood- 
sucking habits and consequently modified mouthparts the 
last family, and not readily characterized the larval stage 
mutually exclusive characters. The same condition true 
two divisions and the old family 
all these families more difficulty met with 
classifying the have seen the case the more 
completely known family mosquitoes. 

All the Diptera far referred are not highly specialized 
many other families the order, although among insects 
general the Diptera must regarded structurally the most 
specialized group. Those which have described, known 
the Nematocera, retain the larval condition some features 
the generalized insect, notably the well developed, free head, 


with the mandibles moving opposition horizontal plane. 


disregard for the moment the families somewhat inter- 
mediate structure, and turn the higher Diptera, Cyclor- 
rhapha, find larve very different type. They are maggot- 
like, microcephalic, with the head not differentiated and without 
appendages, with simple internal framework, the cephalophy- 
rangeal skeleton, that bears vertical, hook-like, non-opposable 
mandibles. Through almost the entire series families, and 
innumerable species, the larve present almost exactly the 
same appearance, with only the occasional development some 
striking features (e. g., the genus Fannia, which has some 
elaborate tegumentary appendages). these only the 
posterior pair spiracles are functional. These, however, are 
large, and each provided with three slits. The form, size, and 
position the spiracles, and the form, size, position, length, 
curvature and microscopic structure the slits present such 
complex series permutations, that these organs connection 
with certain cuticular structures, usually associated with the 
spiracular plates, serve for the identification very many species. 
The value these structures has long been recognized valuable 
classification and they have been carefully figured and de- 
scribed for large number species. Certain authors, notably 
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Portschinski (several papers), Osten Sacken Blanchard 
Banks MacGregor and Rodhain and 
Bequaert have dealt with some these larve way 
which interest the present connection. the specific 
characters these flies relate few structures, very 
difficult delimit the larger groups such families, although 
the species appear great measure have individual character- 
istics easy recognition. 

The classification the several families flies related the 
has been the cause much controversy among ento- 
mologists and there question concerning the advisability 
utilizing the larve any attempt elucidate their natural 
affinities. Not excepting any animals, the species some these 
families are distinguished the most minute characters, 
slightly the adults vary structure. very many cases, 
already known that the larve show more striking differences, 
but would unwise the present time more than 
predict that comparison adult and larval structure and 
habits and behavior these insects, which appear under- 
going rapid evolution, will lead results great interest. 

Another group insects which possible trace the 
probable course larval modification the form several 
series isseen the Trichoptera, Lepidoptera and Hymenoptera. 
These orders appear have been developed rather directly from 
group similar the Mecoptera which repre- 
sented, although not very extensively the living fauna. 
these several orders the larva primarily the eruciform type, 
but becomes apodous some cases, more generally the 
Hymenoptera, where only small series families retain the 
caterpillar-like larva. 

all larval insects, the caterpillars various butterflies and 
moths are best known the casual observer and they have long 
attracted the attention naturalists. general form they are 
remarkably uniform, with long cylindrical body, well developed 
head capsule and trophi, functional thoracic legs and series 
prolegs certain segments the abdomen differing greatly 
structure from the thoracic ones, but homologous with them. 
only few Lepidoptera the become apodous nearly 
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so. The majority caterpillars occur upon their food plants 
exposed situations, and they are very helpless creatures, have 
developed many cases elaborate spines, tufts bristles, 
poisonous hairs which are undoubtedly protective adaptations. 
Many them are also remarkably colored, presenting shades 
and patterns that may readily interpreted the basis the 
theories protective resemblance, warning color and 
Consequently, first blush these larve would not appear 
show any consistent characters applicable their classification 
rational basis. 1886 Miiller found that the position 
certain primary might utilized for the purpose 
classification. Dyar Forbes Tsou and most 
recently Fracker have elaborated and modified this idea 
and now applicable most satisfactory way throughout 
almost the entire order. Thus find that the arrangement 
these follows certain plan, that the individual are 
homologous, and that the modifications present specialized 
families may derived from those more primitive groups. 
Still more interesting the fact that very young larve all 
groups tend approach more closely the primitive arrange- 
ment than the larve later instars. find thus quite evi- 
dently that ontogeny the caterpillar reproduces certain changes 
setal arrangement that have occurred the phylogeny the 
group. Fracker has called attention this found occur 
quite consistently, although fails point out some the inter- 
esting conclusions which may lead. This isreally beau- 
tiful case the morphological independence the larval state 
insects. These characters, which are purely transitory 
nature, have never been any sense adult structures, yet they 
have thoroughly impressed themselves the species, that 
repeat their history very specific way the develop- 
ment the individual caterpillar. 

account the small size and relatively unimportant func- 
tion the their use classification greatly enhanced. 
Thus the larger groups Lepidoptera can delimited more 
easily from study the larve than can those most other 
insects, far our present knowledge extends. 

Until very recently the the Lepidoptera have not 
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received any general taxonomic treatment, although those 
certain groups had previously been given attention Packard 
and others, and those many species had been described. 
should expect from the quiescent condition the pupa 
presents few characters other than those derived directly from 
the more less fully developed external structure the con- 
tained imago. Indeed, the cremaster, certain locomotory spines 
the abdomen and tubercles the thorax, are practically the 
only characters present which may regarded independent 
pupal modifications. Consequently, they are much less in- 
terest than the although Miss Mosher has been able 
base, the characters the workable keys for identifi- 
cation the families and various groups genera. 

The Hymenoptera are perhaps the most remarkable group 
insects relation their post-embryonic development they 
are also several other respects. this group, already 
stated, the only the most generalized families, the saw- 
flies, retain the typical eruciform larva. They are general 
appearance very much like Lepidopterous caterpillars, although 
differing once the minute structure the legs and the 
number the abdominal ones. not aware that anyone 
has attempted general classification the saw-flies the 
basis larval structures although the larve large number 
species have been described, and very interesting account 
the external anatomy has been given MacGillivray 
Many are leaf-feeding habits and show color patterns similar 
those the true caterpillars. 

The larve all the other groups Hymenoptera are very 
greatly modified and hypermetamorphosis occurs number 
cases. 

Comparatively little known the larve the several 
families parasitic Hymenoptera, but those some the 
members this group are very remarkable. the later stages, 
nearly all are apodous, very simple form, and without notice- 
able peculiarities. the earlier stages, however, many strangely 
modified types are known which appear highly adapted 
their mode life. Some these which marked hypermeta- 
morphosis occurs may illustrated Synopeas which has been 
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described and beautifully figured Marchal Here the 
first larval stage which has termed the Cyclops-larva com- 
posed enormous cephalo-thorax, bearing pair absurdly 
enlarged jaws, and slender abdominal portion. the course 
later development the abdomen enlarges, the jaws are cast off 
and the later stages assume the obese form characteristic 
many larve the higher Hymenoptera. Somewhat similar 
cyclopoid highly modified are known occur 
number widely scattered genera and will doubtless found 
that this stage will greatly supplement any knowledge concerning 
the natural affinities the very numerous and closely similar 
species. probable also that the structure the larve will 
found reflect much more clearly the diversified behavior 
these insects than does the structure the imago. 

rule the larger species the parasitic Hymenoptera show 
less modification, but few the small number forms that 
have been studied, the early larve provided with unusual 
structures one kind another. Most frequently the man- 
dibles are noticeably enlarged. 

Some the members this same group exhibit very interest- 
ing phenomenon the development early larva typical 
campodeiform appearance which simulates very closely the first- 
stage larva certain Meloid beetles and the Strepsiptera. 
This hymenopterous planidium is, course, not any means 
identical with the triungulin the other two orders, but presents 
many features common with it. will noted also that 
the early larva and not the later one that the campodeiform 
type. The reason for the presence very active young larva 
clear all three cases, the larva actually finds its own host, 
and dependent upon its own resources this early age. Here 
very evident that the planidium and triungulin have been 
interpolated the larval development just the whole larval 
stage has been added the life-cycle the metabolous insects. 
Their presence, especially Hymenoptera quite secondary. 

Aside from those the saw-flies, the ants should 
more susceptible taxonomic treatment than those other 
Hymenoptera. general, these not possess such remark- 
able modifications occur some the parasitic families, but 
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the characters which they have are apparently such nature 

The larve the Coleoptera are probably, the whole, more 
generalized than those any other order holometabolous 
insects. any rate, the larve the most primitive families, 
which are included the suborder Adephaga, are campodeiform 
and many cases similar the adults. all larve, there 
are, course, wings and the trophi, eyes and legs 
are much reduced and simplified. the suborder Rhyncophora 
snout-bettles, the are legless and much simplified 
structure, and this condition prevails couple other, evi- 
dently related families. For long time the beetles have 
attracted the attention entomologists account their greatly 
diversified structure and interesting adaptations. about the 
same time, two European Perris and Schigdte 
published elaborate and beautifully illustrated sys- 
tematic accounts beetle and made available vast 
amount material relating these insects. Comparatively 
little was added this for many years, but interest again 
awakening the matter. 

The work Schigdte and Perris shows very clearly 
complete classification many families beetles the basis 
the will possible. well known all entomolo- 
gists, the larve good many groups are recognizable 
glance, from their general habitus alone. these one series 
representing the lady-birds has recently been 
treated Béving systematic way. These larve are 
active, predatory forms with well developed legs and with various 
spines processes developed the thorax and abdo- 
men. has been able develop system classification 
based upon many characters which appears very satis- 
factory, although limited are all studies this sort the 
great difficulty obtaining extensive series larve that are 
accurately correlated with the imagines. 

very different type Coleopterous larve occurs the 
family longicorn beetles. this group, the 
larve are legless, cylindrical creatures, undergoing their entire 
development the woody tissue various shrubs and trees. 
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Like all larve similar habits they are uniform white 
buff color, except for the pigmentation certain parts and appen- 
dages the head. One could scarcely find any series insect 
larve more uniform appearance, yet find that the structural 
and color characteristics the adults this enormous family 
are-remarkably diverse and striking. connection with their 
general work beetle Perris and have examined 
some representative longicorn larve, but quite recently, two 
American entomologists, Webb and Craighead have 
attempted classify these larve structural characters. 
Although they have been restricted small number details, 
mainly confined the head, appears that most the genera 
may distinguished more less satisfactorily. subfamilies 
(or families they are called Webb) appear also easily 
recognizable the this proves still true the 
larve more genera and species are made known, will 
particular interest, since such divisions are difficult the basis 
the imagines. have seen that most groups insects the 
larve are generally less useful for the delimitation larger 
groups than the adults. 

Mention has already been made hypermetamorphosis, and 
its occurrence certain beetles noted. closer examination 
the larval stages the shows, however, such series 
very evidently adaptive forms, that cannot refrain from con- 
sidering these somewhat detail. preparatory stages 
various Meloids live upon the egg masses certain locusts and 
within the larval cells solitary bees, and several very distinct 
larval types succeed one another the course development. 
The parent beetle does not deposit her eggs directly the ma- 
terials which the larve destined devour, and the newly 
hatched Meloid larva tiny, active, long-lived creature that 
goes search its proper environment either seeking out 
the locust eggs, attaching itself the bee and thus being 
carried its food. The triungulin thus well-fitted fulfill 
its mission and far its structure concerned, presents noth- 
ing unexpected, for the typical campodeiform type, 
widely distributed among insects. the case Epicauta, 
parasitic locust eggs, shortly after reaching its food-supply, 
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the larva molts and assumes second form with shorter legs and 
mandibles and soft skin; still distinctly the campodeiform 
type, however, and similar the number other 
rather primitive families beetles, and hence termed 
from the family After another molt another 
larva appears, very similar that the family 
and suitably known the larva. The next stage 
formed smooth cavity the soil and characterized 
more less rigid, curved body; known the coarctate 
larva and usually undergoes hibernation. the spring, the 
next larva return the Scarabzoid type which does not feed, 
but burrows about for time and finally pupates after the manner 
other beetles. 

very evident that the several larval forms are beautifully 
adapted the varied conditions which the larva has meet 
during its development. They also follow general course 
degredation and loss activity their life cycle, reproducing 
general way the evident steps taken evolution the 
transition from the campodeiform the apodous type. There 
one anachronism, however, relation the larve. 
If, appears true, this really similar the larva 
named the family can not bear any genetic 
relationship, since the Lamellicornia, which the 
belong very highly specialized group which could not 
derived from the otherwise greatly specialized Meloide that are 
the offshoot another group beetles. Likewise cannot 
imagine derivation the opposite direction. are forced, 
therefore, the conclusion that this specific only re- 
sponse similar stimuli the environment the two insects. 
Such case serves well illustrate that adults the 
appearance similar structures through convergence may easily 
lead misconceptions. This example more striking than the 
independent appearance triungulin larve widely separated 
groups, for have seen the triungulin very generalized 
larva the campodeiform type. 
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THE INFLUENCE GLANDULAR EXTRACTS 
UPON THE CONTRACTILE VACUOLES 
PARAMECIUM CAUDATUM. 


MARY DRUSILLA FLATHER. 


FROM THE BIOLOGICAL LABORATORY BRYN COLLEGE. 


Contractile vacuoles have long been puzzling morphological 
elements the Infusoria. general they may said 
cavities the protoplasm destined expel contraction the 
liquid which they accumulate. They are present all ciliated 
infusorians except few salt water and parasitic forms, but since 
this paper deals primarily with the physiology the vacuoles 
Paramecium caudatum description their structure will 
limited this species. 

Normally Paramecium caudatum possesses two contractile 
vacuoles situated the ectoplasm, one the posterior end and 
the other about mid-way between the anterior and posterior ends. 
Cases have been noted Hance (11) where race seemed 
show tendency toward multiple vacuoles, and Shumway 
(26) where the individual appeared stimulated the pro- 
duction extra vacuoles some abnormal physiological in- 
fluence. Invariably the vacuoles are arranged straight 
line. vacuole composed central reservoir with 
peripheral canals radiating from it, the number canals varying 
with the individual vacuole. The mechanism contraction 
follows. The canals swell slowly, then discharge their fluid 
contents into the reservoir, which turn contracts, expelling its 
contents the outside through excretory pore. systole 
the reservoir disappears completely from view, leaving clearly 
visible the rosette canals slowly filling again. new cavity 
must formed contraction the canals the protoplasm 
which has replaced the old reservoir. The outline this new 
reservoir irregular first, but gradually assumes the shape 
the circular vacuole. The canals are simple afferent tubules 
which pulsate twice every contraction the vacuole and 
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remain constant form and structure. While the reservoir 
appears always the same place, its walls are formed new 
substance each pulsation. There much controversy 
the exact nature the enveloping material, Kent (16) cited 
Carter, Ehrenberg, Siebold, Claparede and Lachmann 
lieving the presence morphologically distinct investing 
membrane, while Maupas (20), Ehrmann (8), Degen (6), and 
Minchin (21) upheld the conflicting view that the vacuole 
simply drop watery fluid lodged in, and bounded more 
viscid protoplasm. found the wall comparable that 
plasm distended increased pressure until breaks the 
weakest point, the excretory pore. The rhythmic contractions 
believed due merely the innate irritability the protoplasm 
response specific stimulation. According Biitschli’s 
alveolar theory protoplasm (3) the behavior the vacuoles 
explicable entirely the physical laws fluid masses. An- 
drews (1) developed the application this theory, describing 
the rhythmic variation viscosity the pellicular membrane 
the contractile vacuole: 

times the rhythm the vacuole actually disappears, and 
during collapse the pellicular substance becomes completely 
relaxed, fluid, that mingles with the interalveolar substance 
the surrounding protoplasm. the membrane reforms after 
such collapse thickens and gradually augmented interal- 
veolar stuff. contractile pellicle subject all 
times the same flow its substance the surrounding net- 
work, and times modified structure and reaction 
form area organized physiological reaction.”’ 

Claparede and Lachmann believed that the vacuole has 
intercommunication with the surrounding medium, while 
Carter and Lankester (18) held that the vacuole discharges 
externally the time collapse. Wrzesniowski (30) Maupas 
(20), Butschli (3) and Hance (11) definitely described the pore- 
like character the communication. Jennings (14) proved 
this inter-communication conclusively demonstrating the 


discharge the vacuole into surrounding medium dilute 
india ink. 
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The theory Haeckel (10) that the pulsating vacuoles are 
derived from the simple food vacuoles was questioned Maupas 
(20), who declared that the two vacuoles have but one character- 
istic common,—the absence true limiting membrane. 
all other characteristics they differ completely. The fluid 
content the contractile vacuole contains the soluble waste 
products metabolism, while that the food vacuole plasma 
cellulose sugar which digestion can take place. According 
Maupas (20) the contractile vacuole special physiological 
adaptation the protoplasm and does not depend phylogeneti- 
cally upon any other structure. 

Opinions are even more contradictory regard the special 
function the vacuole. (12) and later Stempell (28) 
emphasized the importance the vacuole adjustor 
osmotic equilibrium. physical necessity the naked cell 
living water since prevents overdilution and ultimate 
destruction the protoplasm. Others ascribed the vacuole 
the additional functions circulation, respiration, and excretion. 
one can doubt its assistance general circulation. Kent 
(16) mentioned that Lieberkuhn, Claperede and Lachmann even 
considered rudimentary heart. respiration serves 
according Haeckel (10), Maupas (20), Butschli (3), Ehrmann 

and Stempell (28) merely agent remove the end 
products oxidation. The fluid which accumulates the 
vacuole has previously circulated through the organism, and 
must therefore have lost the feeble quantity oxygen which 
held solution entering the protoplasm through the gullet 
the periphery. The vacuole may said receive all the soluble 
end products general metabolism. Schmidt (16) found the 
vacuole comparable function the renal organs higher 
animals, especially the excretory water canals 
Rossbach (24) first showed conclusively that the rhythm and 
size the vacuole vary with the physical and chemical properties 
the surrounding medium. Since then considerable amount 
work has been done the physiology these primitive or- 
gans. The pulse frequency, the number seconds elapsing 
between two successive pulsations presents under normal con- 
ditions constant average among individuals the same race. 


| 
| 


INFLUENCE GLANDULAR EXTRACTS. 


Ehrmann (8) set this normal average twelve for Paramecium. 
Hance (11) found that with multiple vacuoles there increase 
pulse frequency toward the posterior end. observations 
reported this paper will show however that this may occur 
also normal individuals. Moreover, the reverse frequently 
true, that the anterior vacuole vacuoles may pulsate more 
rapidly than the posterior. Rossbach (24) experimenting with 
temperature changes, gases, chemical solutions and electricity 
found that rate contraction increased with rise temperature 
and with most chemical reagents. Dilation with retardation 
was produced neutral substances and alkaloids, and 
effect whatever was noticeable with currents oxygen 
electricity. (17) confirmed 
effect alkaloids. 

Degen (6) published exhaustive treatise the physiology 
the vacuole. Continuing the temperature experiments 
Rossbach, established maximum and minimum for the 
organism. Around zero degrees found great variation 
pulse frequency, but generally slow contraction with dilation 
the vacuole. about three, Centigrade, dilation ceased and 
the pulse frequency became more and more rapid until the 
animal about thirty-four degrees. Doflein (7) 
gave the optimum temperature thirty thirty-five degrees 
for Paramecium. contrast Rossbach’s observations (24) 
Degen found that current oxygen produced pulse quickening 
compensate for the increased output carbon dioxide pro- 
duced the accelerated metabolism. Hydrogen, however, 
retarded the pulse, dilated the vacuole and caused dissolution 
four five hours. When subjected carbonic acid gas the 
vacuole dilated with increase pulse frequency and dissolu- 
tion occurred two hours. Minchin (21) observed that carbon 
dioxide diminished the frequency. This seeming contradiction 
may due the specific resistance the organism media 
saturated with the gas. Jacobs (13) believes that the organisms 
such environment develop remarkable resistance other 
chemical factors. That pulse frequency often may attribut- 
able the concentration the surrounding medium was shown 
Degen the effects chemical solutions varying strength. 
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important factor the specific permeability the osmotic 
membrane. Degen found that alcohol, ether, acetone and 
chloroform had rapid lethal effect but little direct influence 
the vacuole. concluded from his various experiments that 
the vacuolar membrane has remarkable physiological, but 
morphological differentiation from the surrounding protoplasm. 
The frequency the pulse believed conditioned the water 
intake and its osmotic value relative the environmental fluid. 

would seem that any agent powerful the glandular 
extracts should exert strong influence upon the rhythmic con- 
tractions and perhaps means specific influence give some 
important information the function this primitive organ. 
Some work has been done already the effect the extracts 
upon the general metabolism protozoa. Nowikoff (22) found 
that thyroid extract increased the division rate Paramecium. 
Extract hypophysis had such effect. Calkins (4) obtained 
reactions with pancreatic extract. Shumway (26) confirmed 
observations, finding that thyroid extract was the 
only glandular product producing any significant increase 
division rate. also noted tendency toward the formation 
extra vacuoles and increase pulse frequency. Chambers 
(5) found that solution suprarenal extract with basic fluid 
either hay infusion malted milk produced increase 
division rate, while solution pituitary, Armour Co. tablets, 
produced influence with malted milk and only very slight 
increase division rate with hay infusion. mixture pitui- 
tary and suprarenal solutions the basic food substance appeared 
reduce the division average. 

October, 1918, the following experiments were started 
determine the specific influence adrenalin, pituitary substance 
and pineal gland extract upon the contractile vacuoles Para- 
mecium caudatum. Individuals for the experiment were taken 
from wild cultures just introduced into the laboratory. First 
number observations were made upon pure line cultures 
determine whether not there might be, (1) any significant 
variation the pulse frequency individuals different pure 
lines kept the same physiological environment, (2) any sig- 
nificant similarity the pulse frequency individuals the 
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same pure line kept the same physiological environment, and 
(3) any significant diversity the pulse rate individuals from 
wild culture kept under approximately the same conditions 
the laboratory. Two pure lines—A and B—were started 
depression slide, each being given drops distilled water and 
one drop per cent. malted milk solution daily. another 
depression slide were placed drops containing individuals taken 
from wild culture. These were given the same diet. Both 
slides were kept room temperature. 
the third and fourth days averages were made the pulse rate 
four individuals from each group. was found repeated 
experimentation that when the animals were fed ten 
the morning they usually quieted down about four o’clock 
the afternoon. Various futile attempts were made quiet 
them artificially without disturbing the pulse rate, but any 
methods employed which increased the density the pressure 
the surrounding medium definitely decreased the pulse fre- 
quency. The individuals were kept depression slides and 
observed under both high and low power. using stop-watch 
accurate record the pulsations could kept. all cases 
the pulse rate both vacuoles was taken, going alternately 
from one the other, and recording ten pulsations each. 
would unwise observe ten contractions one vacuole 
before noting the other because the rapid effect any change 
physiological conditions. Tables and give the results 
the first series experiments. 

From these records seen that the variability pulse 
frequency different pure lines not significantly greater than 
the variability among individuals single pure line. Taking 
the anterior vacuole, the average for pure line 3.9 seconds 
more rapid than for pure line while the greatest variation for 
any group within pure line 1.6 and for any group within 
pure line The same true for the posterior vacuole. 
The average for pure line 3.5 seconds more rapid than for 
pure line while the greatest variation for any group within 
pure line 1.8 and for any group within pure line 4.1. 
For the wild culture the average each vacuole presents approxi- 
mate the mean average the corresponding vacuoles the 
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two pure lines, and the variations among individuals from the 
culture are not great the variations among ind viduals 
either pure line. From this may conclude that there 
significant variation the pulse frequency individua's 
different pure lines kept the same physiological environ- 
ment, (2) significant similarity the pulse rate individuals 
the same pure line kept the same physiological environment, 
(3) significant the pulse rate individuals from 
wild culture kept under approximately the same conditions 


TABLE 
PULSE FREQUENCY UNDER NORMAL CONDITIONS. 
(Given Seconds.) 


Pure Line 


2 3. + 
Ant Post Ant Post Ant Post. Ant Post. 
13.0 11.0 13.0 10.6 9.0 8.0 12.0 11.2 
13.0 14.0 13.0 10.6 9.8 8.2 
13.0 2.5 13.0 9.8 9.4 12.4 10.6 
12.0 11.0 10.6 10.0 9.2 12.0 10.2 
13.0 13.0 10.0 9.0 
12.0 12.0 10.6 9.6 8.4 
13.0 12.0 12.0 10.4 9.8 12.6 
12.0 12.0 9.4 8.8 10.8 
11.5 12.5 12.0 12.0 9.6 9.8 10.0 10.4 
10.5 12.0 9.8 9.0 10.0 12.0 
123 111.8 96.8 113.8 109.6 
12.3 11.9 11.9 9.6 8.9 11.3 10.9 

Pure Line 

I 2 3. 4 

Ant Post Ant Post Ant Post Ant Post. 


17.0 17.0 15.0 14.0 10.6 10.2 

19.4 18.6 16.4 14.0 10.6 10.4 

17.0 16.6 17.4 15.0 16.0 14.2 10.4 9.8 

18.0 16.8 16.2 15.8 15.0 12.4 10.4 

17.0 17.2 17.6 14.0 17.0 12.4 9.8 
17.6 16.6 16.2 16.4 15.2 9.8 

17.4 17.6 15.4 14.4 14.2 10.8 10.2 

17.0 17.0 16.0 14.0 16.0 16.6 10.8 10.8 

17.0 15.8 14.8 15.6 15.2 10.4 
4 17.0 17.0 16.6 17.0 16.0 15.0 10.8 10.0 
174.4 170.2 162.2 154.4 161.4 143.2 108.0 101.8 

17.4 17.0 16.2 15.4 16.1 14.3 10.8 10.1 
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Wild Culture. 
I | 2 | 3- 4 
Ant Post Ant Post Ant Post Ant Post 
10.6 14.4 12.6 10.8 12.8 
12.0 14.4 12.2 10.4 12.6 
13.0 12.0 15.0 13.0 
12.0 11.2 14.4 12.4 | 11.2 10.8 13.2 11.4 
12.0 11.6 14.6 13.0 | 10.8 II.2 13.2 II.4 
13.0 11.8 15.0 136 11.8 13.0 
13.0 15.0 12.6 12.0 13.0 
12.6 12.4 14.4 13.0 10.8 13.0 
12.0 12.0 14.4 12.2 12.8 12.8 
123.4 116.0 146.0 108.6 129.2 
12.3 11.6 14.6 12.5 __ 10.8 __ 11.2 12.9 
TABLE II. 
AVERAGE RATE PULSATION FOR EACH GROUP. 
Anterior Vacuole. Posterior Vacuole. 


the laboratory, and (4) there average rate for all Paramecia 
kept under the same physiological conditions. this case the 
average for the anterior vacuole 12.9 and for the posterior 
vacuole These figures are remarkably close the normal 
average set Ehrmann (8) which was 

the experiments with glandular extracts individuals from 
various wild cultures were used. Since the pulsations not 
seem subject specific pure line characteristics was 
thought wiser work with individuals not kept for any length 
the artificial environment distilled water and malted 
milk. has already been shown that Paramecia taken from 
wild culture water, and placed depression slides with 
drops distilled water and drop per cent. malted milk 
solution daily show after three and four days this treatment 
moist chamber room temperature perfectly normal rate 
pulsation. following glandular preparations Parke, 
Davis Co. were used—adrenalin crystal form, pituitary sub- 
stance made from the desiccated anterior lobe the pituitary 
body, and pineal gland tablets prepared from the desiccated 
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gland. Each these preparations produces specific effect 
upon higher organisms, the first contracting the arteries and 
capillaries, raising the blood pressure, and stimulating the heart, 
the second acting powerful stimulant growth, and the 
third slightly increasing the blood pressure. The object the 
following experiments discover whether these glandular 
products have equally specific effect upon the pulse frequency 
the contractile vacuole. The preparations were made 
with distilled water into solutions varying strengths, 
2,000,000, and Observations were made 
immediately after adding drops solution the culture 
medium. The results the experiments are shown the tables. 


TABLE 


EFFECT ADRENALIN, 


Norma! Conditions. *: Drop Adrenalin, 1-2,000,000. 


Ant. Post. Ant. 


Post. 

12.0 12.2 9.8 
9.8 10.2 9.0 
10.2 10.0 10.2 10.0 
10.4 9.4 9.0 
10.2 9.2 
10.1 11.6 10.0 12.2 
9.8 12.2 10.0 10.0 
10.2 9.4 9.2 
10.2 9.4 
10.2 11.4 9.8 11.0 
103.1 III.2 95.8 108.2 
10.3 II.1 9.5 10.8 


The increase pulse frequency after the addition one drop 
adrenalin, insignificant. greater increase 
occurred any time within two hours after the treatment with 
adrenalin. 

Fig. represents graphically the effect adrenalin upon the 
vacuoles Paramecium abnormal physiological condition, 
produced some unknown factor. Treatment with one drop 
adrenalin, solution did not prevent the rapidly 
diminishing frequency. One drop adrenalin, 
solution produced immediate quickening both vacuoles, 
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SECONDS 


PULSE FREQUENCY 


INFLUENCE GLANDULAR EXTRACTS. 


NUMBER PULSATIONS 


Fic. Increase pulse frequency following treatment with adrenalin. 


Ordinates represent pulse frequency seconds, the number pulsations 


recorded. Unbroken lines indicate pulsations previous treatment with adrenalin. 


Broken lines indicate pulsations after treatment with drop adrenalin, 


2,000,000 solution. Lines crosses indicate pulsations after treatment with 


drop adrenalin, 1,000,000 solution, 
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continuing until practically normal rate pulsation was re- 
stored. However, the effect was not lasting. Observations 
made fifteen minutes later showed rate for the anterior, 
and for the posterior vacuole. 

Table II. gives detailed record the reaction adrenalin- 
solution, two individuals. From these results and 


TABLE II. 


EFFECT ADRENALIN, 200,000. 


Normal! Conditions. 1 Drop Adrenalin, 1 : 200,000. 

A. B. A. B, 
Ant. Post. Ant. Post. Ant. Post. Ant. Post. 
13.0 19.0 11.0 12.2 13.2 15.0 10.2 12.0 
12.8 18.6 10.0 12.0 11.2 15.0 8.2 II.0 
14.4 20.0 12.0 12.0 13.0 14.4 10.2 
16.0 20.2 12.2 12.0 13.2 14.4 8.0 9.2 
15.0 20.0 11.2 11.4 13.0 14.0 8.0 9.0 
15.2 19.2 9.8 12.0 13.0 14.0 8.2 9.0 
14.6 18.8 12.4 12.4 13.0 13.2 8.6 12.8 
15.2 20.6 11.0 10.6 13.0 14.0 9.6 13.0 
15.0 18.2 9.2 12.2 12.0 13.0 12.0 13.0 
15.0 19.6 12.2 13.4 12.0 12.0 
146.2 194.2 109.8 118.0 125.8 140.4 92.4 III.2 

> 

14.6 19.4 10.9 11.8 12.5 14.0 9.2 II.1 


many other similar ones seems probable that adrenalin the 
above strength has specific quickening effect upon the contrac- 
tile vacuole. This effect usually very short duration, 
especially produces abnormally rapid rate pulsation. 

Treatment with adrenalin, solution, produces also 
marked dilation the vacuoles which persists for some time 
after the rate contraction has returned normal. From 
several records there are indications that the duration the 
pulse acceleration prolonged increase the strength the 
solution certain point which has not been exactly deter- 
mined. three individuals one drop adrenalin, 
solution proved fatal. Not enough records with intermediate 
strengths have been taken warrant any definite assumption 
specific optimum strength. 

evident from the records Table III. that the effects 
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TABLE III. 


EFFECTS ADRENALIN INDIVIDUAL WITH THREE VACUOLES. 


Normal Conditions. t Drop Adrenalin, 1 : 200,000. 


Pre-Ant. Ant. Post. Pre-Ant. Ant. Post. 
19.6 17.0 17.0 | 18.0 17.0 17.6 
20.0 16.2 17.0 17.0 15.0 13.0 
20.0 17.2 17.0 19.0 16.0 14.0 
18.0 17.0 | 18.0 18.4 16.4 14.2 
21.0 16.8 17.8 19.0 15.2 15.0 
18.8 17.0 18.2 14.2 14.0 
19.2 16.4 18.2 14.0 
19.6 16.4 17.0 13.8 
20.0 17.0 17.0 14.0 
19.8 17.0 17.8 13.8 

196.0 16.80 175.0 87.8 
19.6 16.8 17-5, 18.2 14.9 14.5 


adrenalin individual with three vacuoles not differ 
from the effects individual with two vacuoles. 
While the records Table IV. not represent complete 


TABLE IV. 


EFFECT OF PITUITARY, I : 2,000,000. 


Normal Conditions. 1 Drop Pituitary, 1 : 2,000,000. 
Ant. Post. Ant. Post, 
18.0 17.2 17.2 15.0 
18.4 16.2 17.4 15.0 
19.0 16.2 17.4 15.2 
18.4 17.2 
17.6 16.8 
18.2 16.2 
109.6 99.8 52.0 45.2 
18.2 16.6 17.3 _ 15.0 


series, there appears very significant increase pulse 
frequency result treatment with pituitary, 
solution. 

Table gives detailed record the reaction pituitary, 
200,000 solution, two individuals. From these results 
and other similar ones seems probable that pituitary substance 
this strength has quickening effect upon the contractile 
vacuoles equivalent the effect produced adrenalin. 
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general the accelerated pulse rate longer duration under the 
influence pituitary substance, but dilation the vacuole 
less marked. Vacuoles contracting abnormally slow rate, 
averages and 42, were not stimulated normal rate the 


TABLE 


EFFECT PITUITARY, 200,000. 


Normal Conditions, Drop Pituitary, 200,000, 
A A 
Ant. Post. Ant. Post. | Ant. Post. Ant. Post, 
17.2 16.2 13.6 16.2 17.0 14.6 8.2 15.0 
17.0 15.0 12.0 17.0 17.0 15.0 10.0 13.4 
19.0 15.0 13.0 18.6 15.0 13.0 9.6 14.4 
16.6 15.2 13.2 18.4 | 14.2 12.8 11.0 14.0 
19.0 15.6 15.6 17.8 | 13.4 13.2 11.2 11.4 
21.0 16.2 15.0 17.8 15.4 13.0 9.4 12.8 
20.0 16.0 12.4 18.0 16.8 13.6 9.8 11.0 
19.0 16.0 13.0 18.0 16.2 13.2 10.2 12.0 
18.0 15.8 13.0 12.4 10.4 12.0 
19.2 16.0 14.0 17.0 15.2 | 14.2 10.2 12.0 
186.0 157.0 134.8 176.2 155-4 135.0 100.0 128.0 
18.6 15.7 13.4 17.6 15.5 13.5 10.0 12.8 


addition pituitary substance. After being accelerated 
and respectively the vacuoles returned their former abnor- 
mal condition. The records taken were not sufficient for the 
the determination the lethal the optimum solutions. 


TABLE VI. 


EFFECT PINEAL GLAND EXTRACT, 200,000. 


Normal Conditions. 1 Drop Pimeal Gland 1-200,000. 
A k. A B 
Ant. Post. Ant. Post. | Ant. | Post. Ant. Post. 
15.2 16.8 21.2 22.6 12.2 18.0 15.6 13.8 
15.0 18.0 20.8 20.8 12.0 15.2 15.8 13.8 
15.0 17.0 19.2 22.8 12.4 14.0 14.2 12.8 
16.4 17.0 19.6 21.2 12.6 15.0 12.4 13.0 
14.2 18.0 18.8 22.0 13.0 15.0 13.2 13.0 
14.8 7.0 18.8 20.8 12.2 15.0 13.6 12.0 
14.4 18.4 18.8 20.0 12.6 17.0 12.8 12.6 
15.0 19.0 19.6 20.6 13.0 16.0 14.6 12.2 
15.0 17.2 19.8 22.0 14.0 15.0 14.2 12.8 
15.0 16.8 19.0 22.0 13.0 15.0 13.8 13.0 
150.0 175.2 195.4 214.8 127.9 155.2 140.2 129.0 


15.0 17.5 19.5 21.4 12.7 14.0 12.9 
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Table VI. detailed record the reaction pineal 
substance, 200,000 solution, two individuals. From these 
results and other similar ones seems probable that pineal sub- 
stance this strength has quickening effect upon the contrac- 
tile vacuoles equivalent the effect produced adrenalin and 
pituitary substance. The pineal substance, however, much 
slower producing acceleration. The results 
Table VI. were not observed hour after treatment with 
the solution, when slight dilation the vacuole also occurred. 
Vacuoles contracting abnormally slow rate, and 
average showed significant quickening after treatment with 
the solution. The records taken were not sufficient for the 
determination the lethal the optimum solutions, but 
was noted that the substance produced stimu- 
lating effects whatever. 

Fig. represents graphically the response Paramecia, wit 
vacuoles contracting approximately the same rate, the 
three different glandular extracts. The average both vacuoles 
shown each curve. The greatest acceleration produced 
the pituitary substance and the least the pineal substance. 

evident from these experiments that solutions adrenalin, 
pituitary substance and pineal gland tablets produce acceler- 
ation pulse frequency the contractile vacuoles Parame- 
cium. The exact nature this stimulus difficult determine. 
Each the solutions employed gave neutral test, but Ross- 
bach (24) and Degen (6) found that neutral substances produced 
retardation rather than acceleration. The stimulation cannot 
due merely decreased concentration the culture medium 
since the addition one drop distilled water the culture 
does not produce any marked effect unless the point evapor- 
ation has been almost reached. seems probable therefore 
that the stimulation the vacuoles produced entirely the 
autacoid principles the glandular extracts. questionable, 
however, whether the stimulation produced directly the 
action these agents the vacuole itself, whether the 
indirect effect increased metabolism the entire organism. 
One tempted homologize the effects produced adrenalin 
the vacuoles and the heart higher animals, but this seems 
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Fic. Increase pulse frequency following treatment with adrenalin, 
pituitary substance, and pineal substance, 200,000 solutions. Ordinates repre- 
sent pulse frequency seconds, the number pulsations recorded. 
The average both vacuoles given. Pulsations represent rate under normal 
conditions, and 7—14 the rate after treatment with the solutions. Unbroken line 
gives record individual subjected adrenalin. Broken line gives record 
individual subjected pituitary substance. Line crosses gives record indi- 
vidual subjected pineal substance. 
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unwarranted since the presence permanent vacuolar mem- 
brane extremely doubtful. Also must noted that 
pituitary substance appears produce even greater quickening 
the pulse rate, while higher animals has effect whatever 
contractile tissues. Degen (6) will remembered claims 
that the acceleration activated currents oxygen merely 
compensation for the increased output carbon dioxide. 
similar explanation seems most plausible for the phenomena 
produced the glandular extracts. 

Cannon (25) found that inhibition strip intestinal 
muscle was produced adrenalin solution weak one 
twenty and Janeway and Park observed inhibition 
strip coronary artery the sheep with solution one 
fifty millions. Takayasu using hemisine, salt adrenalin, 
noted that solution two million seemed the threshold 
strength for inhibition the sartorious muscle the frog. 
1917 Barbour and Spaeth (2) studying the pharmacological 
action single cells found that epinephrin, the active principle 
the suprarenal capsule produced contraction the melano- 
phores Fundulus heteroclitus all concentrations tested 
one fifty million. When one considers the far-reaching effects 
the various autacoid principles highly differentiated or- 
ganisms, not improbable that the stimulation one-celled 
organism should immediately productive increased metabol- 
ism, compensation for which the contractile vacuoles must 
become more active their excretion waste. The duration 
the heightened metabolism will determined certain 
extent the concentration the solution and the neutralizing 
effect the digestive fluid. autacoid principle adrenalin 
believed speedily rendered inactive digestive ferments. 
confirm this hypothesis one should find that increased 
pulse frequency always occurs with increased division rate. 
The converse would not necessarily true, since the metabolic 
effects might too temporary effect the division rate. Schum- 
way (26) noted that under the stimulation thyroid extract 
rapid pulse rate was coincident with rapid division rate. 
Much work remains done confirm this hypothesis. 
Other glandular extracts should used and individuals 
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varying physiological conditions should experimented upon, 
while especial care should taken correlate the different 
effects produced the metabolic activity the entire organism. 

The author wishes express her gratitude Dr. Florence 


Peebles for her helpful supervision the investigations. 
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DETERMINING SOME RELATIONSHIPS AMONG 
CYCLOPS. 


ESTHER BYRNES, PH.D. 


Two the largest well the most common forms 
Cyclops are Cyclops signatus, var. coronatus (C. fuscus Jurine) 
and Cyclops signatus var. (C. albidus Jurine). 

Herrick, his key the Cyclops Cladocera 
and Ostracoda Minnesota says these two forms: the 
identity the two varieties which have long been recognized 
distinct species (C. tenuicornis and coronatus) the writer 
has little doubt. The developmental history has been traced 
sufficiently settle this point.” 

tenuicornis and coronatus are easily distinguishable 
the naked eye when adult, and closer observation they are 
found possess several different and very constant character- 
istics. 

tenuicornis generally smaller than coronatus; the chitin 
less deeply pigmented and less hairy; the second segment 
the antennule relatively longer than the corresponding segment 
coronatus also the basal joint the fifth foot. 

coronatus larger than tenuicornis; the chitin more 
strongly colored and more hairy; the second joint the four- 
jointed antennule always relatively short also the basal 
joint the fifth foot. When adult, the female carries her dark 
egg-masses closely applied the abdomen. tenuicornis 
the egg-masses are divaricate. 

have attempted decide the question any possible identity 
these two forms studies inheritance. 

signatus annulicornis seems synonymous with signatus 
Fig. Plate XXXIII., Copepoda, Cladocera and Ostracoda Minnesota, shows 
the fourth swimming foot tenuicornis with two well-formed setae the 
inner margin the distal segment the inner ramus. The margins themselves 


are also strongly hairy. These characteristics are constant all stages 
signatus, var. coronatus, but have not noted them tenuicornis 


RELATIONSHIPS AMONG CYCLOPS. 


During the study the metamorphosis Cyclops, which 
about published, have had the opportunity observing 
many details structure throughout their entire history and 
have been able compare these details one Cyclops with 
corresponding details another form. 

Two the forms used the study the metamorphosis were 
signatus, var. tenuicornis and signatus var. coronatus. 
the armature the distal segment the inner 
ramus the fourth swimming feet very characteristic. The 
inner margin this segment carries two the more distal 
which extremely small may even wholly wanting 
which case the site the seta marked notch the chitin. 

coronatus this distal seta fully developed agreeing 
size with all the other the armature. 

While the fourth swimming feet are among the later structures 
develop during the metamorphosis, they may said un- 
dergo four stages development. During the first stage they 
are too immature even suggest their later characteristics. 
During the second stage the appendages are well formed though 
only one-jointed; Nevertheless, the terminal armature present 
and the the inner margins the inner ramus already 
show their adult characteristics. the young signatus 
var. tenuicornis the distal seta reduced the parent form 
from which the young derived. When the next molt occurs 
the foot becomes two-jointed but the distal armature the distal 
segments remains unchanged. After the next molt the appen- 
dages become three-jointed the adult. Still the distal 
armature unchanged and though the Cyclops molts again before 
acquiring its adult condition further changes occur the 
armature the swimming feet. New and spines may 
added new segments are formed but each seta retains its 
original characteristic throughout the metamorphosis. 

These studies were made the broods females that were 
isolated while they were carrying their appended egg-masses. 

Each female was transferred separate aquarium—usually 
The water was carefully filtered and micro- 
scopic algae were added after careful examination under the 
microscope showed them entirely free from any forms that 
might contaminate the results the experiments. 
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The best results rearing the young were obtained when the 
water used the aquaria was the filtered water from the pond 
which the cyclops had been collected. After having set 
aquaria with water from various sources, this method was relied 
the one which insured least loss time through high 
mortality. 

EXPLANATION 

Plate shows the inner ramus the fourth swimming foot 
adult female, signatus var. tenuicornis and the correspond- 
ing ramus each her seven young. The rami are unseg- 
mented and the armature incomplete, but the distal seta pre- 
sents its adult characteristics. four the sister forms the 
seta present but minute. three the young altogether 
wanting though its position indicated notch the chitin. 

Fig. Plate shows the inner ramus another adult 
female with the small seta. Figs. and show the corre- 
sponding rami two her brood. the time the studies were 
made the remaining young this set had not reached the stage 
which the fourth foot develops. 

Plate II. shows the young brood which some young are 
the sixth stage, e., with nine antennal segments, some 
the seventh stage with ten antennal segments and all the rami 
two-jointed, while still others are the eighth stage the meta- 
morphosis having three joints the rami the swimming feet. 
All the individuals all the successive stages show the seta 
question strikingly reduced. 

are evidently dealing here with constant character which 
appears relatively early stage complicated metamor- 
phosis and retains its peculiarity all subsequent stages and 
even remains one the recognition features the adult. 

Similar experiments were made rearing the young 
signatus var. coronatus which all the attain marked 
development. 

Plate III. shows the inner ramus the fourth swimming foot 
adult female signatus var. coronatus. The distal seta 
large and well developed. The young are like the female parent 
their armature. Moreover, the hairiness this Cyclops 
not indication age, but inherited character for the 
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marginal hairs are strongly developed when the foot first appears, 
long before these appendages are perfectly developed and 
before the metamorphosis complete. 

The constancy with which the individual characteristics 
occur throughout the successive stages complicated meta- 
morphosis both these Cyclops would seem indicate that 
the two forms are not all identical Herrick supposed, but 
distinctly different. 

Indeed the reappearance these same peculiarities generation 
after generation shows that are dealing with phenomena 
inheritance that have become fully established and not with 
variations, for the correlated characteristics have become 
fixed signatus var. tenuicornis (annulicornis) and signatus 
var. coronatus that each breeds true its own type. 
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EXPLANATION PLATE 


Cyclops signatus var. tenuicornis. (Cyclops signatus var. annulicornis; albidus 
Jurine.) 


Fic. The inner ramus the fourth swimming foot adult female, 
showing the small distal seta. 

Fic. The fifth foot adult female, showing the characteristic basal 
joint the variety signatus tenuicornis. 

Fics. and The fourth swimming feet young the sixth stage 
the metamorphosis, showing the characteristic small distal seta. 

Fics. and The fourth swimming feet young sister 
forms and The distal seta wholly wanting. The location the 
seta indicated notch the chitin. 

Fic. inner ramus the fourth swimming foot adult female. 

Fics. Two young The sixth stage the metamorphosis 
shown Fig. shows the fourth foot the seventh stage. 

The adult female, Fig. was isolated July 28. The young this female (Figs. 
inclusive) were studied August 10. The sixth stage the metamorphosis 
was, therefore, reached inside two weeks. 
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EXPLANATION PLATE II. 


Cyclops signatus var. tenuicornis. (Cyclops signatus var. annulicornis; albidus 
Jurine.) 


Fic. The inner ramus the fourth swimming foot adult female, 
showing the small distal seta the inner margin the distal segment. 

Fics. and The fourth swimming feet young tenuicornis the sixth 
stage the metamorphosis. The ramus unsegmented. The are 
nine-jointed. 

Fics. The fourth swimming feet young tenuicornis (young 
Fig. the seventh stage the metamorphosis. The rami are two-jointed and 
the nine-jointed and respectively. 

Fic. The fourth swimming foot tenuicornis (young Fig. the 
eighth stage the metamorphosis when all the rami are three-jointed. The an- 
are twelve-jointed. 

Ali the young Plate II. are sister forms from the same brood. Some are more 
advanced development than others, but they are all the same age. 

Two-jointed rami are usually correlated with three- 
jointed rami are usually correlated with eleven-jointed antennz with seventeen- 
jointed antennz the adult. 
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EXPLANATION III. 
Cyclops signatus var. coronatus. (Cyclops fuscus Jurine.) 


Fic. The terminal segment the inner ramus the fourth swimming foot 


adult female showing the characteristically large distal seta the inner 
margin. 


Fics. The fourth swimming feet young cyclops the sixth 


stage the metamorphosis, showing the distal seta the young like the distal 
seta the parent. 
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